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Section S1:
A typical diffraction pattern will contain contributions from both Bragg scattering from longrange order and diffuse scattering from short-range order. Careful normalization of the scattering data gives the total-scattering structure factor as a function of momentum transfer, Q;
where i and j represent atomic species, n is the number of distinct chemical species, are the proportion of species in the material, ̅ are the coherent bound neutron scattering length and ( ) are the Faber-Ziman partial structure factors. 1 The coherent bound neutron scattering length may be positive or negative. For the present system of study ̅ 8.5532 fm, ̅ −3.73 fm, ̅ fm and ̅ 5.803 fm; this gives excellent contrast between the scattering power of the B site cations Mn and Ni, however the contribution of for example Mn-O and Ni-O bonds to the pair distribution function will have opposite signs, resulting in partial cancellation of the observed intensity. In such situations, additional information is typically needed to extract reliable distributions and chemically sensible constraints are typically introduced to the observed data (see Experimental Method and Data Analysis section).
Fourier transformation of ( ) gives the pair distribution function (PDF) as a function of real space distance, r. The PDF is usually defined by the total radial distribution function, G(r), or total correlation function, T(r), which are expressed in equations (2) and (3), respectively; 1
where is the average number density of the material. Both G(r) and T(r) functions describe the probability of finding two atoms separated by distance r within a given volume. 2 The PDF data also contains information about coordination numbers which can be determined by integrating the intensity under the peaks. Individual contributions to the PDF for two atoms i and j, known as the partial distribution function is given by;
where ( ) is the number of j particles between distances r and r+dr from particles i, and represents the number of density of particle j.
Reverse Monte Carlo (RMC) modeling is a powerful method for the analysis of total scattering data. 3, 4 The RMC method can be used to generate a three-dimensional atomistic S3 model which simultaneously matches the Bragg profile, total-scattering structure factor and the PDF data. The starting model consists of a supercell of the average structure. During the RMC refinement the atomic coordinates of the atoms in the supercell are improved using a Monte Carlo algorithm to fit calculated functions to experimental data. 5 Random movements of the atoms in the RMC modeling are accepted with the probability ( ) where is made up of contributions from Bragg scattering ( ( ) ), the total-scattering structure factor ( ( ) ) and the PDF ( ( ) );
where represents the experimental uncertainty. RMC modeling is repeated until there is no further improvement in the quality of the fit and the final 3-dimensional configuration is consistent with the experimental data: the Bragg profile, total scattering structure factor and the PDF. Fitting to the Bragg scattering ensures that the model is consistent with the longrange average structure, while the inclusion of diffuse scattering information and the PDF ensures that medium-and short-range order information is also reflected in the model. 6
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Section S2:
Starting atomic configurations for RMC modeling were created from supercells of the longrange average structures. The starting RT supercell was generated from a commensurate 2√2a p × 4a p × √2a p subcell (a = 11.1496 Å, b = 15.5302 Å and c = 5.5092 Å) in the polar orthorhombic space group P2 1 mn, previously identified as the best commensurate approximation to the incommensurate structure. 7 5 × 4 × 10 expansion of this subcell produced a supercell of dimensions 55  62  55 Å³ containing 16,000 atoms ( Figure 1a ). The crystallographic directions of the RMC model remain the same as in the applied commensurate subcell. All of the supercells are therefore aligned with x oriented along 〈11 ̅ 0〉 p , the direction of the Bi displacement giving rise to polarity in the incommensurate subcell, whereas y and z are oriented along the non-polar directions 〈001〉 p and 〈110〉 p respectively.
In order to directly compare the RT results from RMC modeling to the incommensurate structure, supercells of the incommensurate structure with a similar size to the RMC configurations were generated from the subcell (Ibmm(00, 0β0)mm.ss) using Jana. 8 A multiplicity 10a × 7b × 10c of lattice parameters a = 5.5729 Å, b = 7.7686 Å and c = 5.5091 Å give an incommensurate supercell with approximate dimension 55  55  55 Å³ ( Figure  1b ). Ten supercells were generated with different origins of the incommensurate modulation (e.g. t = 1/10, u = 1/10; t = 1/10, u = 2/10) where t and u correspond to the initial phase of two modulation vectors (0.4930 0 0) and (0 −0.4210 0) along 〈11 ̅ 0〉 p and 〈001〉 p respectively. Results presented are an average from the ten supercells in order to remove any bias from the starting point of the modulation, and therefore represent the "complete" average incommensurate model. The incommensurate cell is aligned with x and y oriented along 〈11 ̅ 0〉 p and 〈001〉 p respectively in the primitive cubic perovskite cell and z oriented along 〈110〉 p . Thus both RMC and average incommensurate model supercells have the same settings in relation to the crystallographic directions presented on Figure 1c .
The RMC supercell for the commensurate HT structure was generated from the non-polar Pcmn space group with lattice parameters a = 5.4513 Å, b = 7.8058 Å and c = 5.5893 Å a t gave the best fit to the neutron diffraction data. An RMC model built of 10a × 7b × 10c unit cells gave a HT upercell with dimensions 55  55  55 Å³ and 14,000 atoms ( Figure 1d ). The HT supercell has the same settings and orientation as the RT structure.
RMC refinements were carried out using RMCProfile 9 to simultaneously fit the Bragg profile, total-scattering structure factor F(Q) and the PDF G(r Several RMC refinement stages were applied to both RT and HT structures. For the RT structure, first the B site atoms in the starting configurations were randomly swapped in the absence of data to obtain a completely random Mn/Ni distribution on the B site. In the next step the RMC fit to the data was initiated in which only swapping of B site atoms was allowed, with no permitted translation steps. The refinement was continued until no further improvement in  2 was observed. In the last stage of RMC refinement the B site atom swapping was replaced by atomic translation moves. The application of interatomic potential restraints, necessary to maintain chemical sensible Ni-O bond environments, was not possible during B site swapping and so atom swapping and translations were limited to separate RMC refinements. During the RMC refinement of the HT structure, the starting RMC B site configuration was first randomized, and then refined with simultaneous swapping of B site cations and translations until a very good fit to all experimental data was obtained. 20 RMC configurations were refined for both RT and HT structures; the results presented herein are a summation of results from the 20 individual configurations in order to improve the statistical accuracy of the analyses. A further 10 RMC refinements were refined for the RT and HT structures using the same stages described above, but without the observed data contributing to the  2 ; the e "data-free" ref eme t allowed for the co tr but o of the appl ed co tra ts and restraints on the refinement results to be assessed and separated out from results due to the experimental data.
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Section S3:
The displacements of the Bi cations can be partially affected by local short-range order of the B site cations, presented in the main text as n(r) results. In order to understand how the B site cations interact with the Bi cations we investigated the possible correlations between Bi and B site cations, and between the B site cations themselves. Displacement correlation functions (DCF) were calculated according to the method outlined in the main text.
The calculations of DCFs within a spherical volume were first performed for B site cations, which revealed only weak short-range correlations of first neighbour Mn-Mn homopairs along 〈11 ̅ 0〉 p , as indicated by the broad peak at 4 Å in Figure S1a . No equivalent correlation was observed for the Ni-Ni homopair ( Figure S1b ). DCFs calculated for Bi-Mn ( Figure S1c ) and Bi-Ni ( Figure S1d) show that the RT local structure possesses only weak short-range correlations along 〈110〉 p as a possible effect of strong antiparallel displacement of Bi 3+ cations. These correlations are suppressed after the first nearest neighbour. (Table  S2 ).
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Section S4:
We probed the different behavior of the B site cations by calculating the displacement of each B cation from the centroid of its oxygen coordination environment. The magnitude of the displacement was separated out into contributions along different crystallographic directions. The observed displacement distribution ( Figure S5 b-d 
